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Abstract
Research on antioxidant potential from vegetables is increasingly focused on their effects on human  
health. However, relatively little work has been done to investigate the antioxidant effect of crude extract and/or  
different fractions from Brassica rapa L. In the present study, the antioxidant potential of crude extract and its  
fractions from Brassica rapa L. fruit part was tested for glutathione peroxidase (GPx), superoxide dismutase  
(SOD) enzymes and total antioxidant status (TAS) in blood samples. Our results reveal the fact that crude extract  
and each analyzed fraction (i.e. aqueous, ethyl acetate and chloroform) showed a concentration dependent ef-
fects on GPx, SOD and TAS in respect with saline solution (0.9% NaCl) used as negative control and vitamin C,  
as positive control. Therefore, GPx levels showed a highest value in crude extract and chloroform fraction (6981  
U/L both at 10 mg/ml), SOD levels showed the same results in aqueous and ethyl acetate fractions (220 U/ml  
both at 10 mg/ml) and TAS in crude extract and all three fractions (i.e. aqueous, ethyl acetate and chloroform,  
1.68 mmol/L at 10 mg/ml for all three fractions) in respect with saline solution (p<0.05). Furthermore, vitamin C  
showed the highest values on all three analyzed enzymes (8769 U/L for GPx, 223 U/ml for SOD and 1.8 mmol/L  
for TAS at 100 µg/ml). Our investigations have been proved to be promising in terms of future potential applica-
tions of crude extract and its fractions as components in a range of phytochemicals composition and/or different  
pharmaceutical usage, owing to their antioxidant potential.
Keywords: Brassica rapa L., glutathione peroxidase, superoxide dismutase, total antioxidant status, enzymes.
*All authors contributed equally to this work.
Corresponding author: Diana Badiu, Department of Biochemistry, Faculty of Natural and Agricultural 





Revista Română de Medicină de Laborator Vol. 21, Nr. 2/4, Iunie 2013
Rezumat 
Cercetările asupra potenţialului antioxidant din legume prezintă o importanţă crescută a efectelor sale  
asupra sănătaţii umane. Cu toate acestea, puţine studii au fost realizate pentru a investiga efectul antioxidant al  
extractului crud şi/sau a diferitelor fracţiuni din Brassica rapa L. În studiul de faţă, potenţialul antioxidant al ex-
tractului crud şi a fracţiunilor acestuia din fructul Brassica rapa L. a fost testat pentru enzimele glutation peroxi-
daza (GPx), superoxid dismutaza (SOD) şi statusul total antioxidant (STA) în probe de sânge. Rezultatele noastre  
au arătat faptul că atât extractul crud cât şi fiecare fracţiune analizată (apoasă, de acetat de etil şi cloroformică)  
au arătat efecte dependente de concentraţie asupra GPx, SOD şi STA în comparaţie cu soluţia salină  (0,9% 
NaCl) folosită ca şi control negativ şi vitamina C, ca şi control pozitiv. Prin urmare, nivelurile GPx au prezentat  
valori crescute în extractul crud şi fracţiunea cloroformică (6981 U/L ambele la 10 mg/ml), nivelurile SOD au  
prezentat aceleaşi rezultate în fracţiunea apoasă şi cea de acetat de etil (220 U/ml ambele la 10 mg/ml) şi STA în  
extractul crud şi toate cele trei fracţiuni (apoasă, de acetat de etil şi cloroformică; 1,68 mmol/L la 10 mg/ml pen-
tru toate fracţiunile) în comparaţie cu soluţia salină (p<0,05). Mai mult, vitamina C a prezentat cele mai mari  
valori asupra celor 3 enzime analizate (8769 U/L pentru PGx, 223U/ml pentru SOD şi 1,8 mmol/L pentru STA la  
100 µg/ml). Investigaţiile noastre se dovedesc a fi promiţătoare în ceea ce privesc viitoarele aplicabilităţi ale ex-
tractului crud şi fracţiunile acestuia ca şi componenţi în diferite preparate fitochimice şi/sau de uz farmaceutic  
datorită potenţialului lor antioxidant. 
Cuvinte cheie: Brassica rapa L., glutation peroxidaza, superoxid dismutaza, status total antioxidant, enzime.
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Introduction 
In recent years, there has been an increas-
ing trend towards the exploration of safer and ef-
fective  antioxidants  and  functional  ingredients 
from natural dietary sources like vegetables (1, 2). 
The antioxidant effect of vegetables like broccoli 
raab (Brassica rapa L.), also called turnip top, one 
of  the  oldest  cultivated  vegetables  in  southern 
Italy, is mainly due to the occurrence of phenolic 
compounds  (3).  However,  few  reports  dealing 
with the obtaining of different fractions and fur-
ther determination of the compounds with antiox-
idant potential can be found mainly due to the low 
efficiency (in terms of quantities) in their extrac-
tion that did not encourage further investigations 
of these useful and promising fractions (4).
These  fractions  comprise  both  phenolic 
compounds and organic acids (4, 5), which contrib-
ute to their organoleptic features (6), despite being 
applied in the quality control of several matrices (7, 
8). The polyphenol composition of several materi-
als  from  members  of  Brassica  genus,  or  their 
byproducts, has been described (9, 10), including 
that of B. oleracea var. costata (11, 12), B. oleracea 
var. Acephala (13) and B. rapa var. rapa (8, 14), re-
ferring distinct profiles between them. Recent pub-
lications report the possible antioxidant potential of 
these species (8, 13, 15).
In  this  regard,  both  epidemiological 
studies and experimental research indicated that 
regular intake of cruciferous vegetables may re-
duce risk for many chronic diseases  (16).  On 
the other hand, low consumption of these vege-
tables  may  reduce  serum antioxidant  capacity 
(17). However, how these fractions can interfer 
into oxidative process is still under debate.
In the present study, antioxidant potential 
of crude extract and its fractions from  Brassica 
rapa L. on GPx, SOD and TAS in blood sample, 
using saline solution (NaCl, 0.09%) and vitamin 
C as controls was carried out.
Materials and Methods
Sample preparation
Brassica rapa L. fruit parts were collec-
ted from the local supermarkets (about 5 kg), and 
immediately frozen and kept at -180°C. Identific-
ation was carried out by the Department of Phar-
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macy, Faculty of Biological Sciences, Kohat Uni-
versity of Science and Technology,  Pakistan. A 
specimen has been kept in our laboratory for fu-
ture  reference.  Fruit  pulp  at  room temperature 
were mashed and stored in a tightly closed con-
tainer for future use. Five milliliters of blood was 
taken from the healthy volunteers after signing the 
informed consent. An informed consent was ob-
tained from the patients in accordance with the 
Helsinki Declaration and guidelines of the local 
Committee of Ethics of the Department of Phar-
macy, Faculty of Biological Sciences, Kohat Uni-
versity of Science and Technology, Pakistan.
Preparation of fruit extracts
Mashed fruit was soaked in 5 l of 70% 
aqueous methanol for 3 days, occasional shak-
ing.  Then was filtered through a  muslin cloth 
and further through a Whatman qualitative (20–
25 µm) filter paper. The procedure was repeated 
twice and the combined filtrate was evaporated 
on a rotary evaporator under reduced pressure 
to a thick, semi-solid mass of dark brown color, 
which represented crude extract (Br-Cr). Frac-
tionation of the crude extract was obtained by 
standard phytochemical procedures using differ-
ent organic solvents. About 50 g from the crude 
extract  was dissolved in 50 ml  distilled water. 
Then the extract was introduced into a separating 
funnel. Ethyl acetate (50 ml) was added into the 
same separating funnel. The mixture was shaken 
vigorously for about 30 min, until the two layers 
separate. The upper layer of ethyl acetate was ac-
quired  and  the  same  procedure  was  repeated 
twice and all the ethyl acetate layers were collec-
ted and concentrated  in a  rotary evaporator  to 
obtain  the  ethyl  acetate  fraction  (BR-Eth).  A 
quantity of 50 ml of chloroform was added to the 
remaining layer  and the same process  was re-
peated, obtaining the chloroform fraction in the 
end (BR-Chl). The yield of both fractions was 
20% and 25%, respectively, while the remaining 
layer was the aqueous layer (BR-Aq).
Chemicals and reagents
Saline solution  (NaCl,  0.09% w/v)  and 
vitamin C were purchased from Sigma Chemical 
(St.  Louis,  MO),  kits  for  superoxide  dismutase 
(SOD),  glutathione  peroxidase  (GPx),  and total 
antioxidant status (TAS) from Redox (UK) and 
solvents (HPLC grade) from Mallinckrodt Chem-
icals (St. Louis, Missouri). Stock solutions of all 
the chemicals were made in distilled water and 
the dilutions were made fresh in normal  saline 
(NaCl, 0.9% w/v) in the same day of the experi-
ment.  All  samples,  solutions,  and  buffers  were 
prepared using Milli-Q water.
Further  to  our  experiments,  crude  ex-
tract  and  its  various  fractions  obtained  from 
Brassica rapa L. were tested on the three anti-
oxidant enzyme levels in human blood.
Saline  solution  used  as  negative  con-
trol, and vitamin C as positive control were sep-
arately analyzed from crude extract and its vari-
ous fractions. 
Glutathione  peroxidase  activity  de-
termination
GPx levels were determined using com-
mercially  available  kits  from RANDOX,  UK 
and assays were carried out using a spectropho-
tometer  DU  800  (Beckmann,  USA).  After 
adding all the chemicals, crude extract and differ-
ent fractions obtained were added before the addi-
tion of substrate (i.e. t-Butyl-hydroperoxide). The 
absorbance at 340 nm was measured. GPx was 
measured  by  coupling  the  peroxidase  reaction 
with  the  reduction  of  oxidized  glutathione  by 
glutathione  reductase  and  the  reduced  form  of 
nicotinamide  adenine  dinucleotide  phosphate 
(NADPH) (18).  Reduction of the substrate  was 
followed  by  the  decrease  in  absorbance  of 
NADPH at 340 nm. Activity was evaluated using 
glutathione as the co-substrate (18).
Superoxide dismutase activity determ-
ination
SOD activity was determined using the 
same commercially available kits and spectro-
photometer. SOD activity assay was conducted 
as described by Oyanagui (19). After adding all 
the  chemicals,  different  fractions  were  added 
before the  addition of  substrate  (i.e.  2-(4-iod-
ophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium 
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chloride (INT)) to obtain a formazane dye. The 
absorbance at 505 nm was measured. The meth-
od involved xanthine and xanthine oxidase to 
generate superoxide radicals. The SOD activity 
was measured taking into consideration the de-
gree of inhibition in this reaction. One unit of 
SOD can cause 50% inhibition of the rate of re-
duction of the INT under the condition of the 
assay.
Total antioxidant status determination
TAS was measured in human plasma using 
the same kits and spectrophotometer used for GPx 
and SOD determination. The assay was performed 
as  described  by  Mitrevky  and  contributors  (20). 
After adding all the chemicals, crude extract and all 
three fraction were added before the addition of sub-
strate (2,2' azino-bis-[3-ethylbenz-thiazoline-6-sulf-
onic acid] (ABTS)) at the end. The concentration 
was determined by measuring absorbance at  600 
nm. The amount of ABTS+ produced is monitored 
by reading the absorbance at 600 nm. Under these 
conditions, the antioxidants in the plasma cause sup-
pression of the absorbance at 600 nm to a degree 
that is proportional to their concentration. The 
final plasma antioxidant concentration was ob-
tained (mmol/L) by multiplying the absorbance 
of  the  sample  to  the  specific  factor  obtained 
from the standard and the blank.
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Figure 1. Comparative effects of all three doses (1, 5 and 10 mg/ml) of crude extract and BR-Cr, BR-Aq, 
BR-Chl  and  BR-Eth  fractions  of  Brassica  rapa L.  on  GPx levels  in  human  blood (n=5  ml);  *p<0.05 
compared to saline.
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Statistical analysis
All the aforementioned experiments were 
conducted  in  triplicate.  Statistical  comparisons 
were performed by one-way analysis of variance 
(ANOVA). In the case of the identification of stat-
istical  differences  using  ANOVA,  the  Student 
Newmal  -Keuls  test  was  used  to  compare  the 
fractions using SPSS version 12.0 (SPSSS Inc., 
Chicago,  IL,  USA).  Probability  values  <  0.05 
were considered to indicate significant difference. 
Results
The antioxidant potential on GPx levels
The results on GPx levels are summar-
ized in Figure 1. The enzyme showed a concen-
tration dependent with each dose of crude extract 
and all three fractions from Brassica rapa L. (i.e. 
1, 5 and 10 mg/ml) in respect with saline solution 
which showed approximately similar values (i.e. 
4500 U/L in respect with crude extract and chlo-
roform fraction  and  4350  U/L in  respect  with 
ethyl acetate fraction and 4830 U/L with aqueous 
fraction) and vitamin C (i.e. the same values at 
8769 U/L at 100 µg/ml) in respect with crude ex-
tract and all three fractions (Figure 1).
Interestingly,  at  1  mg/ml,  the  highest 
values  of  GPx was  obtained  in  crude  extract 
(6230 U/L,  p=0.05,  SD=2.43),  at  5  mg/ml  in 
chloroform  fraction  (6730  U/L,  p=0.04, 
SD=4.16) and at 10 mg/ml in both crude extract 
and chloroform fraction from Brassica rapa L. 
(each at 6981 U/L, p=0.03, SD=2.98).
The antioxidant potential on SOD levels
Further  investigations  were  performed 
to identify the levels of SOD in crude extract 
and  each  fraction.  In  particular,  at  1  mg/ml 
highest values of SOD was obtained in chloro-
form and ethyl acetate fraction from  Brassica 
rapa L. (both at 190 U/ml, p=0.05, SD=1.89), at 
5 mg/ml in aqueous fraction (215 U/ml, p=0.04, 
SD=1.61) and at 10 mg/ml in aqueous and ethyl 
acetate  fraction  (both  at  220  U/ml,  p=0.03, 
SD=2.13) in respect with saline solution. A re-
markable  difference  was  seen  in  vitamin  C 
showing  the  same  values  (223  U/ml at  100 
µg/ml)  in  respect  with  crude  extract  and  all 
three fractions (Figure 2).
The antioxidant potential on TAS levels
The  results  of  TAS  levels  exhibited  a 
similar profile to that of GPx and SOD, respect-
ively. At 1 mg/ml the highest values of TAS was 
obtained  in ethyl  acetate  fraction  (1.6 mmol/L, 
p=0.05,  SD=0.27)  at  5  mg/ml  in  ethyl  acetate 
fraction (1.65 mmol/L, p=0.04, SD=0.98) and at 
10 mmol/L in crude extract and all three fractions 
(1.68 mmol/L, p=0.03, SD=1.46). Saline solution 
showed the highest values of TAS in respect with 
ethyl  acetate fraction (1.25 mmol/L).  Neverthe-
less, the highest values were obtained for vitamin 
C which showed similar values (1.68 mmol/L at 
100 µg/ml) in respect with crude extract and all 
three fractions (Figure 3).
In any case, the results provide enough 
data to demonstrate the antioxidant potential of 
crude  extract  and  all  three  fractions  (i.e. 
aqueous, ethyl acetate and chloroform) on GPx, 
SOD and TAS levels from blood samples.
Discussion
Vegetables  serve  as  a  good  source of 
antioxidant apart from nutritive contribution of 
carbohydrates, proteins and lipids. There is an 
extensive body of literature accumulated in the 
recent  years  suggesting  the  role  of  Brassica 
rapa L.  in  health management  and  especially 
lowering the risk of chronic disease and other 
age related disorders (9, 21-23).
The generation of free radicals is a vital 
phenomenon of  the normal  metabolism of  hu-
man body. Normally, free radicals are neutralized 
by both enzymatic and nonenzymatic antioxid-
ants present as an inbuilt antioxidant mechanism 
in the body and also by the dietary antioxidants 
supplemented in daily diets  thought  fruits  and 
vegetables  (24).  The  major  phytochemicals 
found in vegetables involved in stabilization of 
free radicals includes flavonoids, coumarins, tan-
nins and other phenolic compounds. Strikingly, it 
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has  been  indicated  that  these  phytochemicals, 
have  high  free  radical  scavenging  activities, 
which help to protect cells from oxidation dam-
age induced by the free radicals and thereby help 
to reduce the oxidative stress (25-29).
In the present study, we choose to ana-
lyze aqueous, ethyl acetate and chloroform frac-
tions from Brassica rapa L. based on the fact that 
they have been showed to present significant high 
activities in free radical scavenging and lipid per-
oxidation of turnip roots extraction in respect with 
these fractions vs. crude extract (3). 
The  observed  antioxidant  potential  of 
both different fractions and crude extract from 
Brassica rapa L. may be due the presence of 
above  stated  properties.  However,  our  study 
does not attempt to identify the compounds re-
sponsible for observed antioxidant effects from 
Brassica rapa L.  Furthermore, since  Brassica 
rapa L. has not been investigated previously in 
terms of its pharmacological effects, we invest-
igated its protective effects against two antiox-
idant enzymes (i.e. GPx, SOD) and TAS.
Experiments  with  different  fractions  of 
Brassica rapa L. on different antioxidant enzymes 
produced very interesting results. Compared with 
crude  extract  and  chloroform  fraction  which 
showed the highest values, in contrary, the aqueous 
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Figure 2. Comparative effects of all three doses (1, 5 and 10 mg/ml) of crude extract and BR-Cr, BR-Aq, 
BR-Chl  and BR-Eth fractions  of  Brassica  rapa L.  on SOD levels  in  human blood (n=5  ml);  *p<0.05 
compared to saline.
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fraction may contain some inhibitors of GPx. Inter-
estingly, chloroform fraction seems to have con-
centrated it in only those compounds which are re-
sponsible for increasing of GPx levels, without any 
other inhibitors. Our results are in agreement with 
those reported by Nain and contributors  (30) in 
which the authors found higher levels of GPx in 
sterptozotocin induced diabetic rats, reducing the 
risk of diabetic complications. Shah & Verma (31) 
showed also similar results by treatment of butyl-
paraben to mice for 30 days which resulted in sig-
nificant elevation in hepatic lipid peroxidation and 
glutathione peroxidase antioxidants activities (31). 
In  comparation  with  crude  extract  and 
chloroform  fraction,  aqueous  and  ethyl  acetate 
fractions of Brassica rapa L. showed a higher in-
crease in the SOD levels. The reason of the de-
crease in crude extract could be due to the fact that 
the crude extract became inactive in due course of 
processing. With fractionation, these inhibitors are 
likely to be diluted and thus having a slow effect on 
SOD elevating capability of fractions. These results 
suggest  that  SOD  enhancing  constituents  of 
Brassica rapa L. are more distributed in aqueous 
and ethyl acetate fraction. Elegant work from Ab-
rahim and contributors (32) showed that ethyl acet-
ate is the most optimal solvent for the extraction of 
compounds with antioxidant and anti-proliferative 
activities.  Moreover,  Mahdy and colleagues (33) 
which  examined SOD from erythrocytes  of  the 
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Figure 3. Comparative effects of all three doses (1, 5 and 10 mg/ml) of crude extract and BR-Cr, BR-Aq, 
BR-Chl  and BR-Eth  fractions  of  Brassica  rapa L.  on  TAS levels  in  human  blood (n=5  ml);  *p<0.05 
compared to saline.
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Alzheimer’ disease induced rats, showed an eleva-
tion of the value and further ameliorates the neuro-
degeneration characteristic of diseases.
Crude  extract  and  all  fractions  of 
Brassica rapa L. (i.e. aqueous, ethyl acetate and 
choloform) were found to improve TAS levels, 
albeit  showing different  potencies.  These  res-
ults suggest that TAS elevating compounds are 
distributed throughout the crude extract and all 
three fractions of  Brassica rapa L.  Saeed and 
contributors  (34)  found  similar  results  using 
different extracts (i.e. methanol, n-hexane, chlo-
roform,  ethyl  acetate,  n-butanol  and  residual 
aqueous fraction) on superoxide anion and hy-
droxyl  radicals  and found significantly higher 
values, showing that these extracts act as an an-
tioxidant agent due to its  free radical  scaven-
ging and total antioxidant status.
Conclusions
Our  results  reveal  the  fact  that  crude 
extract and each analyzed fraction (i.e. aqueous, 
chloroform  and  ethyl  acetate)  from  Brassica 
rapa L. showed concentration dependent effects 
on GPx, SOD and TAS in respect with both sa-
line  solution  and  vitamin  C used  as  controls. 
GPx levels showed a highest value in crude ex-
tract  and  chloroform  fraction  (both  at  10 
mg/ml), SOD levels showed the same results in 
aqueous and ethyl acetate fractions (both at 10 
mg/ml) and TAS in crude extract and all three 
fractions (i.e. aqueous, ethyl acetate and chloro-
form, at 10 mmol/L for all three fractions) al-
though vitamin C showed the highest values on 
all three analyzed enzymes at 100 µg/ml.
The crude extract and different fractions 
analyzed in the present study, showed a higher anti-
oxidant level through all three analyzed enzymes, 
and merits considerations to be used as future com-
ponents in a range of phytochemicals composition 
and/or different pharmaceutical usage.
Conflicts of interest: None to declare.
References
1. Iqbal S, Bhanger MI, Anwar F. Antioxidant properties 
and components of bran extracts from selected wheat vari-
eties commercially available in Pakistan. LWT Journal of 
Food Science and Technology 2007;  40, 361–7.
2. Siddhuraju  P,  Becker  K.  Antioxidant  properties  of 
various solvent extracts of total phenolic constituents from 
three  different  agroclimatic  origins  of  drumstick  tree 
(Moringa  oleifera  Lam.)  leaves.  J.  Agric.  Food  Chem. 
2003; 51: 2144-55.
3. Ryu JP, Kim DC, In MJ, Chae HJ, Lee SD. Antioxid-
ant potential of ethanol extract of Brassica rapa L. J. Med. 
Plants  Res.  2012;  6(9):1581-4.,  DOI:  10.5897/JM-
PR11.1068 
4. Podsedek A. Natural antioxidants and antioxidant ca-
pacity of Brassica vegetables: A review. LWT Food Sci-
ence and Technology, 2004; 40(1): 1–11.
5. Silva  BM,  Andrade  PB,  Valentao  P,  Ferreres  F, 
Seabra  R  M,  Ferreira  MA.  Quince  (Cydonia  oblonga 
Miller)  fruit  (pulp, peel  and seed) and jam:  Antioxidant 
activity. J. Agric. Food Chem. 2004; 52, 4705-12.
6. Vaughan JG, Geissler CA. The New Oxford Book of 
Food Plants. New York: Oxford University Press. 1997; 
196.
7. Ferreres F, Sousa C, Valentao P, Seabra RM, Pereira 
JA, Andrade PB. Tronchuda cabbage (Brassica oleraceae 
L. var. costata DC) seeds: Phytochemical characterization 
and antioxidant potential. Food Chemistry 2007; 101: 549-
58.
8. Fernandes F, Valentao P, Sousa C, Pereira JA, Seabra 
RM,  Andrade PB.  Chemical  and  antioxidative  assess-
ment of dietary turnip (Brassica rapa var. rapa L.). Food 
Chemistry 2007; 105: 1003-10.
9. Vallejo F, Tomas-Barberan FA, Ferreres F. Character-
ization of flavonols in broccoli (Brassica oleracea L. var. 
italica)  by liquid chromatography–UV diodearray detec-
tion-lectrospray ionisation mass  spectrometry.  Journal  of 
Chromatography A 2004; 1054: 181–93.
10. Romani A, Vignolini P, Isolani L, Ieri F, Heimler D. 
(2006).  HPLC–DAD/MS  characterization  of  flavonoids 
and hydroxycinnamic derivatives in turnip tops (Brassica 
rapa L. Subsp. sylvestris L.). J. Agric. Food Chem.  2006; 
54: 1342-6.
11. Sousa C, Valentao P, Rangel J, Lopes G, Pereira JA, 
Ferreres F, et al. Influence of two fertilization regimens on 
the amounts of organic acids and phenolic compounds of 
tronchuda  cabbage  (Brassica  oleraceae  L.  var.  costata 
DC).  J. Agric. Food Chem. 2005; 53: 9128–32.
12. Ferreres  F,  Sousa  C,  Vrchovska  V,  Valentao  P, 
Pereira JA, Seabra RM, et al. Chemical composition and 
antioxidant activity of tronchuda cabbage internal leaves. 
European Food Research & Technology 2006; 222: 88–
98.
13. Heimler D, Vignolini P, Dini MG, Vincieri FF, Ro-
168
Revista Română de Medicină de Laborator Vol. 21, Nr. 2/4, Iunie 2013
mani A. Antiradical activity and polyphenol composition 
of  local  Brassicaceae  edible  varieties.  Food  Chemistry 
2006; 99: 464–469.
14. Liang  YS,  Kim  HK,  Lefeber  AWM,  Erkelens  C, 
Choi YH, Verpoorte R. Identification of phenylpropanoids 
in  methyl  jasmonate  treated  Brassica rapa leaves  using 
two-dimensional  nuclear  magnetic  resonance  spectro-
scopy. Journal of Chromatography A 2006; 1112: 148-55.
15. Vrchovska  V,  Sousa  C,  Valentao  P,  Ferreres  F, 
Pereira JA, Seabra RM et al. (2006). Antioxidative proper-
ties of tronchuda cabbage (Brassica oleraceae L. var. cost-
ata DC) external leaves against DPPH, superoxide radical, 
hydroxyl radical and hypochlorous acid. Food Chemistry 
2006; 98: 416-25.
16. Johnston CS,  Taylor  CA,  Hampl  JS.  More Ameri-
cans are eating ‚5 A Day’ but intakes of dark green and 
cruciferous  vegetables  remain  low.  J.  Nutr.  2000; 
130:3063-7.
17. Cao G, Booth SL, Sadowski JA, Prior RL. Increases 
in human plasma antioxidant capacity after  consumption 
of controlled  diets  high  in  fruit  and  vegetables.  Am.  J. 
Clin. Nutr. 1998; 68:1081-7.
18. Paglia DE, Valentine WN. Studies on the quantitat-
ive and qualitative  characterization of erythrocyte  gluta-
thione peroxidase. J. Lab. Clin. Med. 1967; 70: 158.
19. Oyanagui Y. Reevaluation of assay methods and es-
tablishment of kit for superoxide dismutase activity. Anal. 
Biochem. 1984; 142(2): 290-6.
20. Mitrevky A et al. Total antioxidant status and super-
oxide dismutase after  cerebrovascular  accident. XVI in-
ternational Congress of clinical chemistry, London. Poster 
A106, 1996.
21. Cohen J, Kristal R, Stanford J.  Fruit and vegetable 
intakes and prostate cancer risk. J. Natl. Cancer Inst. 2000; 
92: 61–8.
22. Onyilagha J, Bala A, Hallett R, Gruber M, Soroka J, 
Westcott  N.  Leaf  flavonoids  of  the  cruciferous  species, 
Camelina satiVa, Grambe spp., Thlaspi arVense and sev-
eral  other  genera  of  the  family  Brassicaceae.  Biochem. 
Syst. Ecol. 2003; 31: 1309-22.
23. Pedroche J, Yust MM, Lqari H, Giron-Calle J, Alaiz 
M, Vioque J, Millán F. Brassica carinata protein isolates: 
chemical  composition,  protein  characterization  and  im-
provement  of  functional  properties  by  protein  analysis. 
Food Chemistry 2004; 88: 337-46.
24. Jang IC, Park JH, Park E, Park HR, Lee FJ. Antiox-
idative and antigenotoxic activity of extracts from Cosmos 
(Cosmos  bipinnatus)  flowers,  Plant  Foods  Hum.  Nutr. 
2008; 63: 205-10.
25. Wada  L,  Ou  B.  Antioxidant  activity  and  phenolic 
content of Oregon cranberries, J. Agric. Food Chem. 2002; 
50: 3495-500.
26. Kähkönen MP, Hopia AI, Vuorela HJ, Rauha JP, Pi-
hlaja K, Kujala TS, Heinonen M. Antioxidant activity of 
plant  extracts  containing  phenolic  compounds.  J.  Agric. 
Food Chem. 1999; 47: 3954-62.
27. Chu YH, Chang CL, Hsu H.F.  Flavonoid content of 
several vegetables and their antioxidant activity.  J. Agric. 
Food Chem. 2000; 80, 561-6.
28. Tang S, Kerry JP, Sheehan D, Buckley DE, Morrisey 
PA. Anti-oxidant activity of added tea catechins on lipid 
oxidation of raw mince red meat, poultry and ®sh muscle. 
International  Journal  of  Food  Science  &  Technology 
2001; 36: 1-8.
29. Ou B, Huang D, Hampsch-Woodill M, Flanagan JA, 
Deemer EK. Analysis of antioxidant activities of common 
vegetables employing oxigen radical absorbance capacity 
(ORAC)  and  ferric  reducing  antioxidant  power  (FRAP) 
assays: A comparative study. J. Agric. Food Chem. 2002; 
50: 3122-8.
30. Nain P, Saini V, Sharma S, Nain J. Antidiabetic and 
antioxidant potential of Emblica officinalis Gaertn. leaves 
extract in streptozotocin-induced type-2 diabetes mellitus 
(T2DM) rats. J. Ethnopharmacol. 2012; 142(1): 65-71.
31. Shah K, Verma  RJ.  Protection  against  butyl  p-hy-
droxybenzoic  acid  induced  oxidative  stress  by  Ocimum 
sanctum  extract  in  mice  liver.  Acta  Pol.  Pharm. 
2012;69(5): 865-70.
32. Abrahim NN, Kanthimathi MS, Abdul-Aziz A. Piper 
betle shows antioxidant activities, inhibits MCF-7 cell pro-
liferation and increases activities of catalase and superox-
ide  dismutase.  BMC  Complementary  and  Alternative 
Medicine 2012;12: 220.
33. Mahdy K, Shaker O, Wafay H, Nassar Y, Hassan H, 
Hussein A. Effect of some medicinal plant extracts on the 
oxidative  stress status in Alzheimer's  disease induced in 
rats. Eur. Rev. Med. Pharmacol. Sci. 2012;16(3): 31-42.
34. Saeed N, Khan MR, Shabbir M. Antioxidant activity, 
total phenolic and total flavonoid contents of whole plant 
extracts Torilis leptophylla L. BMC Complementary and 
Alternative Medicine 2012;12: 221.
169
